Some photoreactions of photosynthetic materials (corn chloroplasts, spinach chloroplasts and subchloroplast particles rich in System II) are examined at 77 °K. The fluorescence yield of chloro phyll is observed to decrease reversibly upon irradiation at 77 °K. The presence of ferricyanide in the chloroplast preparations increases the rate of decline of fluorescence yield while the presence of benzylviologen and phenazine methosulfate inhibits the decline of fluorescence yield. Extracts of Ricinus communis leaf (castor bean) also inhibits the decline of fluorescence yield. Data is given showing the effect of linolenic acid, extracts of Ricinus leaf, ferricyanide, benzylviologen and phenazine methosulfate on the ratio of fluorescence intensities at 725 and 700 nm.
Studies at low tem perature eliminate all diffusion controlled reactions so that prim ary photoreactions may be observed in the absence of most restoring transform ations. By eliminating diffusion one may determine which m aterials (additives) are directly involved with the chlorophyll fluorescent centers of System I and II.
It is becoming quite apparent that there are many photoreactions in photosynthetic materials which can proceed in the frozen state at tem peratures of 77 and 4 °K . For example there are reports of light induced changes in absorption spectra 1, electron spin resonance 2, separation of charge 3 and fluorescence ind u ctio n 4,5. For such reactions to occur at low tem peratures the reactants must either be complexed with one another or there must be semi-conductor properties whereby an electron can be transferred over a distance between the pigment and an electron donor or acceptor 6.
M aterials and M ethods
Intensity of fluorescence was measured at 700 and 725 nm by front surface excitation with the aid of an RCA 6217 (S 20 response) photomultiplier tube and a galvanometer (10-9 amps/mm. sensitivity). Emission was sensitized with monochromatic blue light (436 nm) 
R esu lts
In the course of this work two param eters of chloroplast fluorescence were measured. One was the ratio of the fluorescence intensities measured at 725 and 700 nm, referred to as F 7 2 5 /F 7 0 0 , after a few minutes illum ination at 77 °K. The second was the rate at which the fluorescence yield at 725 nm decreased when irradiated, referred to as zI< Z>r . All the results are tabulated in Table I Fluorescence Ratio F 7 2 5 /F 7 0 0 : F or subchloroplast particles (referred to as Boardman p arti cles), which are rich in System II, the fluorescence ratio is quite low (between 1.7 and 1.9) indicating much more fluorescence from System II than System I chlorophyll. In this case neither the addition of RLE nor LINO have much effect on F 725/F 700.
Addition of RLE to a m ixture of FERRI and corn or spinach chloroplasts decreases the ratio of F 7 2 5 / F 7 0 0 from 3.0 to 2.2 and 2.5 respectively. The result is that RLE tends to make the fluorescence spectrum of chloroplasts resemble the spectrum ob tained from Boardman particles which are rich in System II. It is to be noted that there is also a direct reduction of FERRI by the cytochrome present in RLE, thereby decreasing the concentration of ac ceptor. Addition of RLE or LINO to m ixtures of PMS, BV and corn chloroplasts does not change the ratio to any extent. We have not yet determined the time dependence of F 725/F 700 when illuminated at 77 °K.
Rate of Decrease of Fluorescence Yield (A<£>R) :
When illuminating Boardman particles, spinach or corn chloroplasts in the presence of FERRI the fluorescence yield at 725 nm decreases at its most rapid rate, i.e. the value of / 1<?r is largest (see Fig. I ). In the case of a mixture containing corn chloroplasts, PMS and BV the action of RLE and LINO are different; the value of / I^r increases if RLE is added and decreases if LINO is added.
Interrupting the illumination stops the decrease in fluorescence yield; furtherm ore there is no re covery in the dark. When irradiation is resumed the fluorescence yield continues to decline as if there were no interruption in illumination. An experiment in which the illumination was interrupted is shown in Fig. I . That the change in fluorescence yield brought about at 77 CK does not involve a photodestruction of chlorophyll is readily shown. By warming the chloroplast sample to about 233 °K then cooling again to 77 °K the initial fluorescence intensity is restored -demonstrating the reversible nature of this light induced decrease in fluorescence yield.
For Boardman particles in the presence of PMS and BV A & r is rather large; addition of RLE increases still further.
D iscussion
The large decrease in the ratio F 725/F 700 seems to result from an active component in RLE that spe-cifically complexes with and quenches the fluorescent chlorophyll of System I (F 7 2 5 ). Addition of RLE to Boardman particles has a minimal effect on F 7 2 5 /F 7 0 0 since the concentration of System I chlorophyll (F 725) is low and RLE has little ap parent effect of System II chlorophyll (F 700) (see Table I ) . Addition of RLE to corn chloroplasts con taining PMS and BV has no effect on F 7 2 5 /F 7 0 0 perhaps indicating sim ilar fluorescence quenching properties of RLE and these materials.
The linear relationship obtained with the log-log presentation of the data in Fig. I follows the empi rical expression:
= l /A • (1 + 1) zl(?R. A constant (unity) is added to the time, t, to avoid a disconti nuity at time zero.
From the long irradiation times required to bring about the change in fluorescence yield it is apparent that the quantum yield of the reaction is quite low. is also possible that there is a change in energy transfer efficiency to the fluorescence center by a local " initial shock" 12 to chlorophyll upon absorbing a light quantum. An increase in local temperature is brought about by conversion of the light energy into heating the chlorophyll so as to bring about a reorientation, deaggregation or decomplexation.
Since addition of LINO to chloroplasts containing FERRI has only a small effect on zI^r , LINO is tentatively assumed to interact with System II. This is in agreement with the findings of C o h e n et a l .13.
The presence of FERRI in chloroplast mixtures al ways results in a large value for A $>r . Addition of RLE to a mixture of FERRI and chloroplasts results in a much smaller value of A<&r . It would appear that a component in RLE is blocking the interaction between FERRI and the chlorophyll giving rise to fluorescence at 725 nm. Absorption changes associated with photosynthetic System I and System II are (differentially) inhibited by aqueous extracts of Ricinus leaf (RLE). The absorption changes associated with thyla koid effects (i.e. those at 515 nm) are also modified by RLE; the slow component (> 1 0~2 sec) is diminished and the fast component (^l O -2 sec) is eliminated.
Fluorescence and amperometric studies were made with Zea mays chloroplasts suspended in an aqueous of Ricinus leaf (R L E )1-3. Although the influence of the extract seems to be a complex one, it has been interpreted, in part, as resulting from sequential in hibitory action towards the System I and System II sides of electron transport 4' 5. The present work describes the effects of RLE on light induced changes in absorption of chloroplasts and sub-chloroplast particles. In regard to these
